We performed a systematic review to map the evidence and analyze the effect of whey protein supplementation in the elderly submitted to resistance training. Methods: A comprehensive search on Medline, LILACS, EMBASE and the Cochrane Library for relevant publications was conducted until August 2015. The terms used in the search were: "Resistance Training"; "Whey protein"; "elderly". Two authors independently assessed abstracts, texts in full and made critical appraisal. Results: A total of 632 studies were screened. Five studies were included composing a sample of 391 patients. The supplement whey protein was associated with higher total protein ingestion 9.40 (95% CI 4.03 to 14.78), and with an average change in plasma leucine concentration ranging from 406µmol/L to 490µmol/L compared with the control group. The supplementation was also associated with increased mixed muscle protein synthesis 1.26 (95% CI 0.46 to 2.07) compared to control group. Just one trial compared lean body mass in the group receiving whey protein supplementation and the control group (n=80) 0.07 (95% CI -0.37 to 0.51). Conclusion: We observed an increase in total protein intake, resulting in increased concentration of leucine and mixed muscle protein synthesis rate. No significant increase related to muscle mass or strength were observed.
Introduction
It is widely accepted that resistance training promotes increased muscle strength and skeletal muscle mass. In the aging context, resistance training has a special importance after 60 years old, when changes in body composition are accelerated due to the aging process [1] . The aging process is associated with the development of chronic diseases due to biopsychological changes in the body. Among these changes are processes related to changes in body composition such as skeletal muscle mass reduction [2] .
In response to resistance training, muscle activation and damage influence protein turnover [3] . If the amino acids in the body have insufficient levels, it results in negative protein balance, leading to harmful side effects such as loss of muscle mass and late period recovery [4] . Whey protein is widely available as a dietary supplement claimed for building muscle mass. Considering the rapid rate of digestion, this supplement provides a quick source of amino acids that can be absorbed by the muscles to repair and rebuild muscle tissue [5] . Protein metabolism during and after exercise is affected by different factors such as: gender; age; physiological changes that interfere in the absorption of nutrients; intensity, duration and type of exercise; and the consumption and availability of energy and carbohydrates daily. As the population is getting older, the evidence from resistance exercise and whey protein needs to be synthesized. Therefore, we performed a systematic review of the literature to map the evidence and analyze the effect of whey protein supplementation in the elderly submitted to resistance training.
Materials and Methods

Search Strategy
We performed a systematic review following the PRISMA-statement guidelines [6] . The review protocol is registered at PROSPERO (International prospective register of systemic reviews, http://www.crd.york.ac.uk/prospero; CRD42014014317). We searched the following databases: Medical Literature databases Analysis and Retrieval System Online (Medline) through Pubmed, Latin American and Caribbean Health Sciences (LILACS), Excerpta Medical Database (EMBASE), and the Cochrane Library for relevant publications until August 2015. We searched using the following terms: "Resistance Training", "Whey protein" and "elderly", additionally synonyms were included in the search strategy The search was limited to human studies and had no language restrictions. Reference lists of all primary studies were reviewed to identify additional relevant citations. The complete search strategy is available on request.
Screening of abstracts for eligibility
Abstracts/titles identified from the search were screened by two reviewers (TC and AJG) using covidence (http://www.covidence.org), an online management tool for systematic reviews. Disagreements about study inclusion or exclusion were resolved by consensus, and when this was not possible, through consultation with a third reviewer (MIR).
Study Selection
Design -We included only randomized controlled trials of elderly patients treated with whey protein supplementation in combination with resistance training.
Patients -We analyzed studies that included elderly individuals over 60 years.
Intervention-Resistance training compared to a control group. The selected studies must explain in detail dose and time of administration of Whey protein supplementation in the elderly, and also what was the training protocol which was undertaken in order to gain muscle mass.
Data extraction
Two investigators (TC, AJG) independently extracted data from the primary studies. We extracted data on study, patient's characteristics, and intervention, using a standardised form. Inter-rater agreement was calculated to observe agreement among assessors.
Quality assessment
All included studies were assessed for their methodological quality. The Cochrane Collaboration's risk of bias tool was used (RevMan 5.3).
Publication Bias
It was not possible to test for funnel plot asymmetry due to the low number of included studies. According to the Cochrane Handbook for Systematic Reviews of Interventions, it is recommended that meta-analyses include at least 10 studies.
Data Synthesis and Statistical Analysis
Meta-analysis was possible only for three outcomes: total protein ingestion, leucine, and mixed muscle protein synthesis rate. Outcomes that could not be analyzed by meta-analysis, including lean mass and fat mass, strength, and adverse events, were described in the text. We used mean and standard deviations to derive a standard mean difference (SMD) with 95% confidence intervals using RevMan software. Pooled-effect estimates were derived using a random-effects model with Mantel-Haenszel statistics. Study heterogeneity was determined using the I2 statistic (in which numbers greater than 75% suggest considerable heterogeneity) [7] and P values from the χ2 test. In cases of considerable heterogeneity, no pooled estimate was calculated.
Results
The search identified a total of 656 studies; 24 studies were duplicates. A total of 632 studies were screened for titles and abstracts. Of these, 612 were excluded because they were reviews, animal experiments, observational studies, or conducted with an adult population (under 60 years). A total of 20 studies were analyzed in full-text. From these studies, 15 full articles were excluded for not meeting criteria for: study design; population studied; intervention; or outcomes. The study selection process is summarized in Figure 1 . Five primary studies, involving 391 patients met the criteria and were analyzed. The characteristics of all included studies are summarized in Table 1 . Studies were published from 2011 to 2014. Sample sizes varied from 19 to 237 with a sum of 142 in the supplement groups. All studies enrolled men and women with mean ages ranging from 67.4 years to 78.0 years. Following the study protocol we tried to assess physical function, body composition, muscle strength and adverse events. However, it was not possible to assess physical function and muscle strength due to the lack of data from the included studies.
Risk of bias
Random sequence generation was adequate in all five included studies. Allocation concealment was adequate in three studies (Chale, Farnfield, Luiking) and two studies were unclear, as they did not describe the concealment processes (Diderikesen and Ramel). Only one study could blind personnel and assessor, since it used placebo and an independent assessor. Incomplete outcome data was dealt with adequately by all studies; they all reported loss to follow up and adjusted analyses accordingly. Selective reporting was unclear for five studies as the studies did not provide enough information regarding study protocol. All studies were considered free of other bias (Figure 2 ). 
Strength
Two studies assessed strength through 1RM, but due to using different methodologies, it was not possible to compare these studies.
Adverse events
One study evaluated renal function of participants (n=144) before and after the use of whey protein supplement, by glomerular filtration rate (GFR) and creatinine. The results showed that 20g of whey protein supplementation does not negatively affect renal function. Mixed muscle protein synthesis rate (FSR) was also analyzed by Dideriksen and Luiking. The supplementation was associated with increased FSR. The results were analyzed used fixed effects model (p < 0.34, I² = 0) and standardized mean difference. The effect of whey protein supplementation on FSR was SMD 1.26 (95% CI 0.46 to 2.07) compared with that of the control group ( Figure 5 ).
Figure 5. Forest plot of mixed muscle protein synthesis rate
Heterogeneity
We found substantial heterogeneity between studies for total muscle protein ingestion (chisquare=1.57; p<0.21; I 2 = 36%), leucine (chi-square= 8.76; p<0.05; I 2 = 74%) and mixed muscle protein synthesis (chi-square=0.90; p<0.34; I2=0%).
Quality of evidence
Using the GRADE quality of evidence, outcomes are classified on a scale from high to low across different outcomes. The quality of the evidence is considered low due to lack of blinding in most studies, unclear allocation concealment, and imprecision of results due to wide confidence intervals (and specifically in Chale and Luiking studies). Additionally, inconsistency in the results (forest plots) heterogeneity could have been caused by intensity and type of the intervention (exercise) and different whey protein dosages. The interpretation of a low quality of evidence means that future studies are very likely to change the estimates of whey protein and resistance exercise for the elderly.
Discussion
Degradation processes and protein synthesis are dynamic processes, which operate to control the gain or loss of muscle mass. Muscle hypertrophy occurs when protein synthesis rate is greater than the rate of degradation; conversely the loss of muscle mass occurs when muscle protein degradation rate is greater than the synthesis [13] . Elderly people have changes in protein metabolism resulting in decreased muscle mass, muscle strength, and physical performance [14] . Additionally, aging is accompanied by reduced consumption of nutrients [15] . The elderly generally has slower chewing, less hunger and thirst, reducing food intake compared to young adults. The food intake of this population reduces approximately 25% between 40 and 70 years of age [16] .
Sarcopenia is defined as loss of function and muscle mass due to aging. It is highly relevant for clinical practice, since it is associated with various negative outcomes, including decreased functionality and survival [17] . Additionally, elderly go through losses in performing daily activities, resulting in increased risk of falls, fractures, disability, dependence, periodic hospitalizations and increased mortality [2, 18] . The prevalence of sarcopenia in the elderly, among the ages of 60-70 years, varies between 5-13%. In the elderly over 80 years, the prevalence is between 11-50%. Even with a conservative estimate of prevalence, sarcopenia affected around 50 million people in 2014 and will affect an estimated 200 million over the next 40 years. Thus, there is growing interest in the potential of supplements to help fight the consequences of the ageing process.
One published meta-analysis on the effect of protein timing on muscle strength and hypertrophy included 34 studies analyzing different protein supplements in adults and elderly. The authors reported no significant effects of protein supplementation on strength nor hypertrophy [10] . A more recent systematic review and meta-analysis analyzed nine studies on the effect of protein supplementation in elderly submitted to resistance training. The authors found no association between protein supplementation and changes in muscle mass and muscle strength. In conclusion, the authors recommended further research into each type of protein supplementation individually [11] . Thus our review specifically focused on whey protein supplementation and found five randomized controlled trials which evaluated the effect of whey protein supplementation in elderly submitted to resistance training. Only one of these trials was also included in the Finger et al. systematic review.
The results of the present systematic review indicate that despite the increased concentration of leucine and mixed muscle protein synthesis rate (FSR) after consumption of whey protein supplementation, there was no increase in muscle mass in the experimental group. Additionally, we evaluated the impact of whey protein supplementation on physical function, body composition, muscle strength and adverse events; however, data for these outcomes are scarce. It is worth noting the lack of studies assessing outcomes related to the effect of supplementation on aspects of clinical sarcopenia and its effectiveness on physical function, muscle strength and body composition, which are important outcomes for a patient's quality of life. There are more emphasis in publishing biochemical outcomes than physical fitness outcomes such as strength and body composition, showing a concern with the mechanism of action.
In a review about sarcopenia Dodds and Sayer report that three points are essential in dietary treatment for sarcopenia: protein, vitamin D and antioxidants [17] . In a study on the protein intake requirement comparing older and younger men, the authors identified that the daily intake of protein to increase muscle protein synthesis is greater in the elderly than in adults [19] . The amino acids, especially branched chain amino acids, and leucine in particular, have an important role to stimulate the signaling pathway mTOR [20] . Leucine is one of the most cited amino acids in muscle protein synthesis. Norton and Layman suggest leucine as the key stimulus for muscle protein synthesis by the activation of factors of the mammalian target of rapamycin (mTOR) [21] . In a study with adult men Churchward-Venne showed the positive effect of supplementation of whey protein in muscle protein synthesis, through their quantity of amino acids, particularly leucine, and suggested whey protein as an important supplement for those who do not consume adequate amounts of protein in the meal [22] . One of the assumptions that would indicate the use of whey protein supplementation would be a rapid digestibility compared to other protein supplements [23] . In response to Resistance Training muscle activation and damage occurs in which stimulates protein turnover [3] . If the body amino acid levels are insufficient, the result is a negative protein balance, leading to harmful side effects such as loss of muscle mass and recovery of the late period [4] . A clinical trial by Farnfield et al. with young men demonstrated that the ingestion of the whey protein supplementation immediately after resistance exercise has an effect on increasing the activation of kinases translational compared with exercise alone [24] .
The industry of nutrition supplements invest in the development of different types of protein supplements for muscle growth. Despite interest in the potential of whey protein to increase muscle strength in the elderly, the current evidence does not support its widespread consumption. In addition, excessive consumption of proteins is related to development of diseases. A narrative review on the adverse effects of excess protein consumption listed the most likely disorders and health risks in adults, which included disorders of bone and calcium homeostasis, disorders of renal function, increased cancer risk, disorders of liver function, and precipitated progression of coronary artery disease [12] . Thus further research is needed to understand both the benefits and potential harms of whey protein before recommending this substance is recommended.
Limitations
The main limitation of this systematic review, as well as other systematic reviews on the subject, is the lack of randomized controlled trials in the elderly over 60 years. Some studies mixed elderly and young data, hindering the use of these data in our study. Subgroup analysis considering gender could not be done; therefore it is not known whether the efficacy of whey protein differs by gender. This is plausible given the different body composition of men and women. In addition, a lack of data were found on important outcomes such as physical function and muscle strength.
Conclusions
In conclusion, our review found that although there was an increase in total protein intake, resulting in increased concentration of leucine and mixed muscle protein synthesis rate, no significant increases in muscle mass or strength were found. Some outcomes considered important in our initial protocol could not be evaluated due to a lack of research related to these outcomes. Further research is needed to justify the supplementation of whey protein in the elderly. 
